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SynopsIs

A study of the Wyzenbeek Precision Wear Test Meter was made to deter-
mine its suitability for use as a standard instrument for determining the
abrasion resistance of textiles. The results of two interlaboratory tests,
which included consideration of end points and abradants, indicate that the
severity of abrasion among the units is too variable to permit the use of the
Wyzenbeek apparatus for establishing interlaboratory standards. Indi-
vidual instruments were found to be sufficiently precise for evaluating differ-
ences among fabrics. A number of suggestions for improving the technique

of operation are included.

A PRINCIPAL objective
of the Task Committee on Abrasion
Testing (under Subcommittee B-1 on
Methods and Machines, Section 1 on
Methods of Testing, of A.S.T.M. Com-
mittee D-13 on Textile Materials) is the
examination of various commercial
abrading instruments to determine their
suitability for use in establishing stand-
ard methods. Task groups have been
formed within the committee to study
the Taber Abrader, the U. S. Testing
Co.’s abrader and the Wyzenbeek Pre-
cision Wear Test Meter, as a canvas had
indicated that these instruments are in
widest use (1).2 The present paper dis-
cusses the work of the task group inves-
tigating the Wyzenbeek apparatus (Iig.
1). This machine is manufactured by
Wyzenbeek and Staff, Inc., Chicago, Ill.

Methods of evaluating the extent of
damage fall into two classes, namely,
those utilizing visual evidence of degra-
dation, generally employed when ap-
pearance is a factor (woolen outerwear,
plush, ete.), and those considering the
change in some mechanical characteris-
tie, usually breaking strength, after a
given period of abrasion. The latter
method is used primarily for utility
fabrics (work garments, webbings, etc.).
Abradants are of many types, including
metal screening, abrasive cloths and
papers, standard fabrics, and the test
cloth itself. Statistical control is used
by some technicians. Some operators
employ the vacuum device furnished by
the manufacturer to remove the detritus,
NOTE.—DISCUSSION OF THIS PAPER I8
INVITED, either for publication or for the atten-
tion of the author. Address all communications
to A.S.T.M. Headquarters, 1916 Race St., Phila-
delphia 3, Pa.

#* This paper is a consolidation of two reports
presented at successive meetings of Committee
D-13 on Textile Materials held in Philadelphia,
Pa., October 17, 1947, and in New York, N. Y.,
March 17, 1948, :

1 Technologist, Textile Materials Engineering
Lab., Philadelphia Quartermaster Depot, Phila-
delphia, Pa.

2 Statistician, Textile Materials Engineering
Lab., Philadelphia Quartermaster Depot, Phila-
delphia, Pa.

2 The boldface numbers in parentheses refer to
the list of references appended to this paper.
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others use a brush for this purpose, and
the rest do neither. A choice of operat-
ing conditions in so far as load, tension,
and cycles of abrasion are concerned is
possible by virtue of the construction of
the instrument.

Because of the many possible varia-
tions in technique, it was decided first to
ascertain satisfactory conditions of load
and tension for performing the test on a
readily available cloth and using a
single machine. After standard abrad-

ing conditions for this unit were selected,
a test was initiated to determine the
consistency of results among a number of
instruments. Two types of fabrics
were used as test cloths to determine the
adequacy of subjective methods for
estimating end points. The results of
this interlaboratory study exhibited a
high degree of variation. As this might
have been caused by a lack of precision
in the subjectively determined end-
points, it was deemed advisable to con-
duct a second interlaboratory Wyzen-
beek test, using an objective end point
by ascertaining the discriminatory
faculty of the instrument with regard to
ranking a number of test fabrics.
PRELIMINARY STUDIES

Tension, Load, and Cycles:

The Wyzenbeek instrument permits
the test specimen to be subjected to
tensions ranging from 1 to 6 lb. and to
compressional loads of from 1 to 5 lb.

Fig. 1.—Wyzenbeek Precision Wear Test Meter.
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Fig. 2.—Effect of Tension on Breaking Strength at Various Loads. Wyzenbeek Precision
Wear Test Meter.
Nore:—Breaking Strength of Unabraded Herringbone Twill: 121.3 Ib.

conformance of the operator and of the
tensile tester. The specimens were
abraded under several tensions and loads
for various cycle stages.

The results, presented graphically in
Fig. 2, indicate that, within limits, semi-
logarithmic relationships exist between
the amount of abrasion and the loss in
breaking strength. A satisfactory end
point may be obtained by choosing any
combination of values for the param-
eters of load, tension, and cycles of
abrasion which lie within these limits.

End Points and Abradanis:

Once satisfactory operating conditions
for a given fabric were ascertained by
use of an objective end point, the next
step was to investigate a method employ-
ing visual end points. This latter
method (5) consists of abrading a 2% by
9-in. specimen folded in “S” fashion to
1§ by 9 in. to simulate edge abrasion
and 1{ by 9-in. flat strips to simulate
plane wear. The number of cycles re-
quired to reach the following end points
is noted:

A—First Wear.—Any radical disturb-
ance of surface, as fuzzing, scuff-
ing, or pilling.

B—First Rupture of Yarn.—Any rup-
ture visible with a pick glass.

C—Threadbare.—The detachment of
yarn or yarns parallel to the long

direction of the specimen as a

over 4 sq. in. of abraded area by means  TABLE L—NUMBER OF CYCLES TO REACH FIRST RUPTURE AND THREADBARE END

of two independent series of adjustable
cantilever clamps. The specimen is

POINTS. PRELIMINARY PHASE.
(Loap: 234 L. TensiON: 2 LB.)

forced by a rubber pad against an oscil- o Warp Filling Warp Folded Tilling Folded
lating curved abrasive surface for the Pointa **C x Por oot Por oo For oot Pon
desired number of cycles. Three or veles | cents yeles [ cents yeles | cents yeles centb
four specimens may be tested simul- 10.5-O7. WoorL Sprcs
taneously, depending upon the Wyzen- Fabric as Abradant
beek model used. Ao 9 890 7 8750 7 7 goo 87 Fg ggg sZ
he appar : - ‘mini BT 113100 84 110 550 83 89 800 6 5
'%he apparatus used for determining c..ll 135 400 100 120 700 100 103 650 100 74 600 100
satisfactory values of the parameters of :
tension, load, and length of abrasion for No. 320 Aloxite as Abradant
a particular fabric was a four-arm ma- Ao 75 50 50 38 30 43 25 42
: . llated at the rat B 130 87 110 84 60 85 50 85
chine whose drum oscillated at the rate colllll 150 | 100 130 | 100 70 | 100 60 100
i . m
of 90 cycles per minute. The vacuu TS T——
device had been removed for ease of
: ; E o 80 36 65 34 40 42 30 40
operation. No. 320 Aloxite cloth™® was 50 30 = 5 40 42 ot .
employed as the abradant and was 220 100 190 100 95 100 75 100
changed after eacﬁl run. hBefor.e testing, No. 500 Silion as Abradant
re was ta at each specimen was
care was taken that cach sp 120 41 90 43 55 46 50 45
free of loose threads, but no attempt to 250 86 170 81 100 83 90 82
remove detritus was made during the 290 100 210 100 120 100 110 100
course of the runs. The fabric selected 22-02. Woor, SEraE
was an 8.5-0z. vat-dyed herringbone Fabric as Abradant
twill. The loss in warp tensile strength A 16 030 6 15 048 qu 2%3 6%8 gg 2(1’% 31398 gg
S ; BIUIUN 234160 93 232 70 9¢ : 201 15
after warpwise abrasion was chosen as CoIII ksreso | 100 | 246100 | 100 | 236200 | 100 | 222850 | 100
the measure of abrasion resistance. O Jr—
Control-chart technique was employed o oxite as Abradan 1
, i renei results 270 53 210 55 110 58 | 60 40
to determine homogeneity of rest 210 53 210 55 110 58 50 40
from the four test arms and statistical 510 100 380 100 190 100 [ 150 100
"""""" o . . = i sar. B = Fir . € = Threadbare,
N *  Aloxite" is‘ the r(?msterc}l tmfie n'uu*%{(of} lvhe ¢4 First wear BCyClle;rz(t) xr-:alz?(fll;;eivexfend po]il:tad are
Carborundum Co.  As used in this paper it is in- b Percentage = 100 X = -
tended as an aluminum oxide cloth. Cycles to reach end point C
October 1948 . ASTM BULLETIN : {TP233) 75




result. of multiple rupture of
crosswise yarns.

For. this phase, a 10.5-oz. wool serge
was abraded both flat and folded in the
warp and filling directions using the
following abradants: the fabric itself,
No. 320 Aloxite, No. 400 Aloxite, and
No. 500 silica cloths. A sample of 22-
oz. serge was tested similarly, except
that the last two abradants were omit-
ted. The number of cycles required to
reach each end point and the ratios of
cycles for end points 4 and B to cycles
for end point C, expressed as percentages;
are presented in Table I.

The results of this part may be sum-
marized as follows:

1. As observation of surface disturb-
ance is entirely subjective, wide varia-
tion in results using end point A may be
expected.

9. The ratio of the cycles for end
point B to the cycles for end point €
appears to be fairly constant, regardless
of specimen or abradant.

3. TFor heavier textiles, the use of the
test fabric as the abradant necessitates
an excessively long period of abrasion to
reach a satisfactory end point.

TrrsT INTERLABORATORY TEST

Before a decision could be reached as
to the applicability of the Wyzenbeek
Precision Wear Test Meter to a stand-
ard procedure, it was necessary to
ascertain whether instruments in differ-
ent laboratories were potentially ca-
pable of yielding reproducible and consis-
tent results. It must be noted that al-
though several articles have been writ-
ten about this apparatus (2, 4, 5), no
broad attack on the problem of inter-
laboratory correlation has been re-
ported. A test was therefore formu-
lated to determine the internal consis-
tency of various instruments and the
reproducibility of interlaboratory results.
The ecooperating agencies were fur-
nished samples of 8.5-0z. cotton herring-
bone twill and 10.5-0z. wool serge, two
commonly used abradants (No. 320
Aloxite cloth and No. O emery metal-
lographic paper) and a test plan.  The
plan detailed the conditions of load and
tension, indicated how to prepare the
specimens and how often to observe the
progress of the abrasion, and defined the
visual end points. The end points
chosen were: A, first wear; B, first rup-
ture; and C, threadbare; as described
previously.

Adequate returns were received from
ten laboratories. The data for the first
wear end point were s0 scattered as to
show that this end point is meaningless
for purposes of interlaboratory com-
parison. ~The values for the other end
points, which are shown in Table II,
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TABLE IL.—CYCLES TO REACH END POINTS FOR 10.5-0Z. WOOL SERGE.

Firsr Rupru

re BNp Point B

No. 0 Emery Paper

No. 320 Aloxite Cloth

v

- S Warp Filling \ . W Filli

Warp Filling Folded Foldeda Warp Filling Foﬁi?d F(l)lcxlréﬁ

Lab. n {Lab.| = Lab.] n |Lab.} n Lab. n |Lab.] n [Lab.| n Lab. n
H 330 0 1210, I 256 | 1 263 1 995 | G | 228 F 87 C 100
1 638 L 638 C 240 | C 260 ¥ 224 | 1 220 | C 80 F 75
K {)80 B 620 I 238 H 256 H 210 iy 218 H 62 H 64
C 540 | G 5581 F 203 | F 200 C 180 | H 178 | I 50 3 52
D 540 D 5001 G 170 | G 168 D 165 | C 160§ L 50 I 52
G 478 9 4801 L 170 K 158 ¢ 1581 D 120 G 46 L 50
L 450 L 3901 K 142 D 140 L 120 L 120 D 45 D 45
F 428 ¥ 355 D 140 1] 110 B 80 J 110 B 30 X 32
J 221 J 3551 B 100 | F 99 K 74 B 100 1 J 28 B 30
K 218 K 2181 J 84 . J 59 K 82 K 28 J 28

Tunrsapsare Exp Poinre ¢

No. 0 Emery Paper

No. 320 Aloxite Cloth

. - Warp Filling N . - W Filli
Warp Tilling Folded Folded Warp Filling Folded Folded
T w1 Tab | m | Lab.| n |Lab| n |Lab.| n |Lab| n
T io00| w1 lisa4| I | 38| C | 720 ¥ 1314 I |305| F |124] C | 140
1 |i1sel 1 |1200] ¢ | 520 I | 388 I l5ss | ¢ {2%0] ¢ |120| L |105
¢ lweol © {itoo| 11 | 306 | B | 280 20| T |276 | I o5 | * | 102
D g0l L | 80| L | 280 F 278 I 1230l G |20l G | 92| | | 92
L | &l D | 780 F |279] & | 272 D 1535 I {250 | H | 90| G | 90
E | 700] B | 700| G |266| L |260 ¢ lws! pliws| L | 70 L | 70
G 604 3 696 D 220 D 240 L 150 1, 170 D 60 D 60
F |lsos| ¥ | 506] E |170| K | 186 E |1a0] J |168]| J 26 J | 54
;| 413 g | 474 K | 166 | E | 170 ¥ lio2! & |10 B | 50 B | 50
K | 218] K | 218 T | 136 J {136 k|76l ¥ s2| X | 36! K| 36

& Laboratory L value not received in this case.

were of sufficient consistency to permit
analysis. As the data for the cotton and
the wool fabrics exhibit similar tenden-
cies, only those of the latter fabric are
shown. Cursory examination of the
data indicates that the number of cycles
of abrasion required to reach a described
visual end point varies widely, indicating
slight agreement among laboratories.
However, a closer study shows that some
agencies rank consistently high whereas

TABLE IIL.—RANK CORRELATION COEFF

others rank consistently low for end
points B and C. The data for end
points B and C were arrayed to allow
determination of the rank correlation
coefficients (Spearman’s p) for the ten
laboratories with the following test
variables: '

(a) Directions of abrasion.
(b) Abradants.
(¢) End points.

ICIENTS® FOR TEN INSTRUMENTS. FIRST

INTERLABORATORY TEST.

Berweex DIRECTIONS OF ABRASIOND

TFirst Rupture End Po;nt versus Threadbare End Point
Abradant W versus F WTF persus FF W versus F WE versus FF
Serge | HBT | Serge HBT | Serge | HBT Serge HBT
Bmery . .. 0.96 G7o | ows | os2 | o098 | 098 0 94 0.60
Aloxite,.... 0.77 i 0.25 0.94 0.92 0.82 [ Oﬂw 0.95 0.74
BerwEEN ABRADANTS
T No. 0 Emery versus No. 320 Aloxite
Fabric —I‘:{I'St Rupture End Point T Threadbare P];:l_Point T
Tw | F | wr i ¢ | w | © | WF | TFF
Serge.......| 0.58 #_‘077’“1“‘0?5* TToss | 0.59 0.56 } 0.77 0.94
Herringbone 1 N
twill. ... I 0.49 0.28 1 0.90 ! 0.92 | 0.38 0.55 ! .52 0.88
BrrweeN ENp PoINTs
I — First}iﬁure 1787'31;3—';1:;}3011)ar8 B
Fabrie T T T Warp Folded | Filling Folded
v Emery Eme—r_y—_ 1 Aléx. _‘Iu‘?mery Alox.
Serge.. .| 0.89 T ose | 00 o8 | 0.0
ULtl\tlx‘lllgbone‘ 0.93 Q.55 1 0.7 1 0.83 L—(LSS

o Spearman’s rank correlation coefficient, p, is exy

sresged by the following formula:

p e 1o e

where d = difference in rank between paired items 1

» W, ¥, WF, FI designate warp, filling, warp folded, and Blling folded, r

ASTM BULLETIN

n two series, and N = number of ranks.
espectively.
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Ranks were assigned to the number of
eycles from the highest to the lowest. A
value of one for p would indicate peifect
association and zero nome. The rela-
tively high values of most of the coeffi-
cients, as seen in Table ITI, suggest that
although the laboratories might differ
among themselves, each, individually,
is quite consistent.

To further substantiate the rankings
of the laboratories, a check was made
for any possible fortuitousness of the re-
sults by performing eight one-way
analyses of variance of rank for each of
the four directions of abrasion (warp,
filling, warp folded, and filling folded)
for the first rupture and threadbare end
points for each of the two abradants.
The design of the analyses ig illustrated
by the following outlines:

to chance alone in each of the eight sets
for both the serge and the herringbone
twill was less than one in a thousand,
and illustrate the marked consistency of
the ten laboratories in evaluating the
abrasion resistance under eight different
conditions. )

Having determined that the labora-
tories were consistent as to their relative
standings in the number of cycles neces-
sary to reach a given visual end point,
exclusive of the first wear end point,
under various experimental conditions,
the analysis then considered the internal
consistency within each laboratory.

"The assumption was made that there

should be a similarity of ratios of the
number of cycles to abrade each fabric
fillingwise, warpwise folded, and filling-
wise folded, respectively, to the warp

‘Warre
Laboratory

Firsr Rurtrure—EMERYD
Laboratory

Group 11213

FR-E...

FR-A...
T-E....
T-A....

4151678910

Group} 1| 2|31 4]5]16|7}|8]9%]10

W, ..
FE. .. l

e Repeated for Filling, Warp Folded! and Filling Folded. .
b Repeated for First Rupture—Aloxite, Threadbare—Emery, and Threadbare—Aloxite,

Thus for each of the eight sets there
are four rows and ten columns. Follow-
ing the method suggested by Friedman
(3), the statistical test is set up to deter-
mine whether the different columns,
which show the rankings of each labora-
tory, came from the same population
and therefore would indicate that the
ranks would be due to chance and conse-
quently that the laboratories are incon-
sistent.

The statistic x-* was computed* which

¢ The x? distribution = Ns2?/¢?, where:

General For Ranked
Case Data
Degrees of
R 1 N p -1
o s |V + 1) % (p + 1)
Mean .......
10 4
Sample o2 > [7*]--%5 (p + D1
variance.. . j=1P
Population _
variance ‘Lf p? = 1
of means. . N 12n

Thus, for ranked data
12n 10

[ L L LA S SR A1)
X,? 5 D j;l {7 Wip 4+ 1)}

where:
r; = average of jth column,
n = number of rows = 4, and

= number of cohumns or ranks = 10.

For small values of n and large values of p, the
significance of x,? is tested by considering

x,2 = (p =1
'[212‘“ U(L;l_)]%
T
as a normally distributed variant with zero mean
and unit variance.

has the x* (chi-square) distribution
when the ranking is random. The re-
sults of these analyses indicate that the
probability that the rankings were due

October 1948 -

which was considered to be 100. This
similarity should occur for the first rup-
ture and the threadbare end points for
each type of abradant. A x? (chi-square)
test was performed involving four rows
(warp, filling, warp folded, filling folded),
two columns (first rupture and thread-
bare end points), and three degrees of
freedom. A laboratory was deemed to
be inconsistent when the chi-square com-
puted could have occurred by chance
less than one time in a hundred. The
results of this analysis are shown in
Table I'V.

were calculated. When these data are
plotted as in Fig. 3 the evidence of in-
ternal consistency of the laboratories is
perhaps more easily observed. - For ex-
ample, all 16 percentages for laboratory
F lie between 70 and 79. Similarly, 13
of the 16 percentages for laboratory D lie
between 60 and 76. For company J,
on the other hand, the values vary from
10 to 81 per cent. A vivid illustration
of the differences in visual end points as
judged by the various agencies is fur-
nished in Fig. 4.

Conclusions from the First Interlaboratory
Test:

Using the Wyzenbeek Precision Wear
Test Meter as an interlaboratory test
instrument for abrading 8.5-0z. cotton
herringbone twill and 10.5-0z. wool
serge shows that:

1. Thereis a high consistency among
the laboratories in so far as ranking is
concerned.

2. There is a low consistency among
the laboratories in so far as actual
numerical values are concerned.

3. There is a high association be-
tween the first rupture end point and
the threadbare end point, indicating
the lack of necessity for abrading to the
latter stage.

4. Certain laboratories exhibit de-
cidedly higher internal consistency than
others.

SEcoND INTERLABORATORY TEST

Replies to a questionnaire circulated
after the first test showed that the age of
the instruments used varied from a few
months to 16 yr. and that many ma-
chines had not been calibrated since
leaving the manufacturer. Therefore,
before the second test was begun the
cooperating laboratories were requested

TABLE IV.—CONSISTENCY OF LABORATORIES.

HerrinesoNe Twiry Fasric

Laboratory........ C D B F G H I J K L
Abradant:
Emery.......... 3 G G G G G G P P P
Aloxite.......... 3 G P G P G G P G P
SeraE Famric
Laboratory. ... ... C D E F a H 1 b K L
Abradant:
Emery.......... G G G G G G G G N G
Aloxite.......... G G G G G G 3 G G G

Nore.—G = Good consistency.

Parenthetically it may be stated that
several laboratories which exhibited
poor internal consistency later indi-
cated that operators had been changed
during the test or that the decision as to
the proper visual end point had been
modified.

In a separate attempt to illustrate
consistency, the percentages of cyeles to
reach the first rupture end point to the
cycles to reach the threadbare end point

ASTM BULLETIN

P = Poor consistency.

to return their instruments to the maker
for overhauling and calibrating. Upon
completion of these arrangements the
machines presumably were in first-class
condition.

The purpose of this second inter-
laboratory test was to compare the
similarity of the machines in regard to
the amount of abrasion occurring in a
number of fabrics. A second objective
was to ascertain the reproducibility and

(TP235) 17




consistency of the re- 8_ WOOL, SERGE,10.5 0Z. GOTTON, HERRINGBONE TWILL, 8 5 0Z
sults from each labo- = -
ratory for the purpose w NO.O EMERY . 0 EMERY
Of Obtaining an 1nd1~ ; S M%TALLQGRAF}'IQ PI\PER NO. 320 ALOXITE GLATH METALLOGRAPHIC PAPER . .| NO 320 ALOXITE CLOTH |
cation of the causes 5
contributing to the & 100 Ry 1 * - -
variability of the - F T M
values both within SRR £ i ' x4 - - o —
and among the labo- o € ol &1 b T
ratories. 2 0 T B s i - -1

In order to get con- 5 rolk I 12 el b 1 o1 g s E f I T S
clusive results con- - idy ! il R R S BT " (3 S SR R
cerning the efficacy 2N I G 23 o Toot o . el o A
of the Wyzenbeek ap- & N “ Fe oo e S i ob 2
paratus as an inter- 2 ot ] o ol 1, o wt d 1«
laboratory instru- I oo T o o
ment, the test speci- o 40 e — 4 i — 19
mens were pre-cut * ¢ T °
and the breaking W osof— W F . WE__EF_ W F. WE_ FE R N I 3 -
strengths of the g i ‘ !
abraded specimens I A e I S W= WARP - 4 S —
were determined on a ForRiLLiNe
single tensile tester [ WP+ WARP FOLOED B 4 —
by a single operator, FF = FILLING FOLDED . ! |

ot T | 1 { W F. WE EF H E we_ _FF .|

both being in sta-

tistical control. By

indicating which

specimens were to be abraded on a
given arm, the experiment permitted
the assignment of a large portion of
the total variation to specific causes.
Each cooperating member received ran-
domized specimens of five fabrics, two
abradants, and a test directive, which
read as follows:

Anrasron Test METHOD

Scope:

To determine the reproducibility of the
characteristics of the Wyzenbeek Precision
Wear Test Meter among laboratories in
terms of a selected end point of abrasion.
For this study, the end point is the per
cent loss in breaking strength. The
abraded specimens will be evaluated at the
Philadelphia Quartermaster Depot with a
single Scott Vertical Tensile Tester.
Statistical control techniques will be
utilized.

Specification:
Machine:
Wyzenbeek Precision Wear Test
Meter.
Number of arms: 3 or 4.
Rate of oscillation: approximately
90 cyecles (double rubs) per minute.
Atmospheric Conditions:
Temperature—70 = 2 F.
Relative humidity—65 = 2 per cent.

Design of Experiment:

Number of Specimens Abraded

Aloxite Emery

Fabric(Cottons){Arm: 1 2.3 4 Arm: 123 4

Herringbone

twill, oooonn s 77T 7777
Poplin... .. 7T 70T
Sateens........ 7777 7777
Sateen (fill-

inger b, 7777 7T
2/1 Twill...... 7777 7777

a Filling flush. X
b The specimens of all fabrics except this one

were cut warpwise.

78 (TP236) .

Fig. 3.—Percentages of Cycles to Reach First Rupture End Point to Cycles to Reach
. Threadbare End Point.

O Emery 320 Aloxite
- Warp Filling Wary Filling
Warp Filling Folded Folded Company Warp Filling F()l‘(iile]:l it)llliine%i

23 106

Has

Fig. 4.—Cotton, Herringbone Twill, 8.5 oz.

Numbers denote cycles to threadbare stage.
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ABRASION OF 14 INSTRUMENTS ON FOUR FABRICS.

Enmery ABRADANT

TABLE V.—AMOUNT OF

Herringbone Twill Poplin Sateen 2/1 Twill
. B. 8.6 . B. 8.6 B. 8. B.8.b
Laborator RBS2 | Dev. | Loss RBSe Dev. | Loss RBS# Dev. | Loss RBSe Dev, Loss
X, | drom |Z S ox frem 2R from X, | from
Ib. s Yo (}Zirt Rank 1b. X % clgirt Rank 1b. X % Cl’e;rt Rank 1b. X % CI;(;:;; Rank
0.3 |19 1 96 1.7 129 2 67 1.1 | 43 3.5 65 5.9 1 43 3.5
12.1 | 28 1 85 10:6 | 37 2 58 12.5 | 51 4 59 14.6 | 48 3
0.8 |18 1 102 8.0 | 24 2 65 2.0 | 45 4 72 4.2 |36 3
4.0 | 15 1 109 15.5 | 19 2 75 13.1 | 37 3 70 1.3 | 38 4
0.3 | 19 1 85 10.0 | 37 2 58 12.5 | 51 4 69 0.1 |39 3
6.1 |13 1 89 5.7 | 34 2 64 3.5 | 46 4 69 0.1 | 39 3
0.8 18 1 105 11.2 22 2 74 11.6 38 4 74 7.1 35 3
11.0 27 1 81 14.2 40 2 43 35.1 [iZ3 4 66 4.5 42 3
6.1 13 1 101 7.0 |25 2 82 23.7 | 31 3 74 7.1 |35 4
6.8 | 24 1 84 11.0 | 38 2 59 11.0 | 50 4 61 11.7 | 46 3
11.5 9 1 114 20.8 | 15 2 87 31.2 | 27 4 84 21.6 | 26 3
0. 18 1 87 7.8 36 2 63 5.0 47 4 65 5.9 43 3
3.5 | 21 1 91 3.6 | 33 2 62 6.5 | 48 4 68 1.6 | 40 3
4, 15 1 83 1.5 131 2 71 7.1 | 40 4 72 4.2 | 36 3
3 4.9 | 18.3 94.4 9.1 | 30.0 66.3 12.6 | 44.1 69.1 6.4 | 39.0
Minimum. .............. 82 0.3 9 81 1.5 | 15 43 1.1 27 59 0.1 26
Maximum. .............. 104 12.1 28 114 20.8 40 87 35.1 51 84 21.6 48
Range......c.ooeienenn 22 11.8 | 19 33 19.3 | 25 44 34.0 | 24 25 21.5 | 22
ALOXITE ABRADANT
60 9.5 | 48 1 56 26.1 | 59 2 27 19.6 | 77 4 36 9.1 | 68 3
47 29.1 | 59 1 32 27.9 | 76 2 17 49.4 | 86 4 22 44.4 | 81 3
80 20.7 | 30 1 59 32.9 | 56 2 38 13.1 | 68 4 43 8.6 | 62 3
72 8.6 | 37 1 49 10.4 | 64 2 42 25.0 | 65 3 35 11.6 | 69 4
84 26.7 | 27 1 43 3. 68 3 29 13.7 | 76 4 46 16.2 | 59 2
68 2.6 | 41 1 51 14.9 | 62 3 33 1.8 | 72 4 45 13.6 | 60 2
64 3.5 | 44 1 47 5.9 | 65 3 37 10.1 | 69 4 44 11.1 | 61 2
48 27.6 | 58 1 34 23.4 1 75 3 28 16.7 | 76 4 36 9.1 | 68 2
86 29.7 | 25 1 60 35.1 | 56 3 57 69.6 | 52 2 48 21.2 | 58 4
60 9.5 | 48 1 37 16.7 | 73 3 22 34.5 | 81 4 38 4.0 | 66 2
82 23.7 { 28 1 72 62.2 | 47 2 59 75.6 | 50 3 53 33.8 | 53 4
72 8.6 | 37 1 32 27.9 1 76 3.5 29 13.7 | 76 3.5 39 1.5 | 66 2
51 23.1 | 55 1 20 55.0 | 85 4 22 34.5 | 81 3 37 6.6 | 67 2
54 18.6 | 53 1 29 34.7 | 79 4 31 7.7 | 74 3 32 19.2 | 72 2
66.3 | 17.3 | 42.1 44.4 | 26.9 | 67.2 33.6 27.5 | 71.6 39.6 15.0 | 65.0
47 2.6 |25 20 3.2 | 47 17 1.8 | 50 22 1.5 | 53
86 29.7 | 59 72 62.2 | 85 59 75.6 | 86 53 44.4 | 81
39 27.1 | 34 52 59.0 | 38 42 73.8 | 36 31 42.9 | 28

@ Residual breaking strength (average of 28 values).

b Breaking strength.

Procedure:

1. For each fabric, abrade seven of the
eight sets of four specimens. The extra
set has been included in case of error or
necessity for recheck.

2. Abrade specimens marked “1” on
arm 1, “2” on arm 2, ete. For three-
armed models, disregard specimens marked
“4.”

3. Use a new sheet of abradant for each
set of specimens.

4. Specimens are to be inserted into
arm clamps so that the side of the fabric
marked in red will rest against the abrad-
ant.

5.
tions:

(a)

(&)

(¢

Employ the following test condi-

2-1b. load.
2-1b. tension.
250 continuous cycles.

6. Identify and keep in chronological
order each set of specimens by tagging the
strips together and marking Run 1, Run 2,
.., Run 7.

7. Return sets of abraded specimens
and unused fabrie strips to Philadelphia.

The fabries were abraded warpwise
and broken warpwise except for one of
the groups of sateen which was abraded
and broken fillingwise. The two groups
of sateen, basically the same fabrie,
were included to determine whether
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warpwise abrasion affects the breaking
strength of the protected yarns. It
was noted that regardless of direction of
abrasion.of filling-flush sateen, the filling
yarns bore the bsunt of the degradation.
As the loss in warp breaking strength
after 250 eycles was negligible, data for
the warpwise-cut sateen were not in-
cluded in the following analysis.

Compartson of Amount of Abrasion:

Considering one fabric abraded by
one medium on a four-arm apparatus
(the model used by all but one labora-
tory), it is seen that this experiment
yielded 28 individual values for the
residual breaking strength per labora-
tory. Table V compares the average
amount of abrasion of the 14 instru-
ments studied for the four fabrics using
emery and Aloxite abradants. The
values show a dissimilarity in the per-
formance of the various machines, for
the average range of the percentage loss
in strength after abrasion is approxi-
mately 23 per cent when emery is used
and 33 per cent when Aloxite is the
abradant. Despite these wide ranges
with emery abrasive there are but three
different rankings of the four fabrics.
Eleven of the 14 laboratories ranked the
materials identically, one rated the
third and fourth fabrics equally, while
the remaining two reversed the third
and fourth fabrics. Use of the Aloxite
resulted in six different rankings, show-
ing the greater consistency of the emery.

The significance of the differences in
the amount of abrasion of each of the
four fabrics by the various companies
may be illustrated by control charts.
The data for the charts are shown in
Table VI and a typical example is pre-
sented as Fig. 5. Values falling outside
the control limits differ significantly
from the over-all average, as the proba-~
bility is less than one in twenty that
they do so by chance.

The consistency of the individual
Wyzenbeek machines is illustrated by
Fig. 5, which indicates the linear rela-
tionships among the average residual
breaking strength of all four fabries
from each laboratory using emery and
Aloxite abradants. The data show, in
short, that the differences in the average
residual breaking strength values of the
14 laboratories would be caused pri-
marily by differences among the ma-
chines rather than by differences within
the fabries or to variations within any
given apparatus.

Reproducibility and Consistency of e~
sults:

The variability or dispersion of the
breaking strength values of the 28
abraded specimens of each fabric for
each laboratory is shown in Table VI

80  (TP238) ~

TABLE VL—VARIABILITY OF ABRASION OF 14 INSTRUMENTS ON FOUR FABRICS.

Standard Deviation, «, Ib.®
Herringbone
Laboratory Twill Poplin Sateen 2/1 Twill

Emery Alox Emery Alox ! Emery Alox. Emery Alox,
No. 6.0 10.2 8.1 8.7 11.5 6.1 10.3 7.9
No. . 8.3 12.9 12.5 9.9 8.2 5.9 7.9 7.9
No. 3.3 10.6 8.6 7.4 8.9 6.0 6.7 6.3
No. 6.2 9.4 6.5 11.3 8.9 9.6 7.4 5.9
No. 7.4 6.5 10.8 9.2 10.0 5.7 10.3 8.0
No. 6. 6.3 11.6 10.8 13.3 9.4 11.0 9.7 8
No. 7. 105 11 7.8 11.3 10.1 7.8 8.0 75
No. 8 6.6 7.2 11.0 8.6 6.7 5.5 9.7 7.5
No. 9......... 6.2 6.9 13.1 13.5 8.9 13.1 5.8 9.9
No, 10......... 7.2 14.8 9.1 13.9 8.7 9.8 10.9 12.0
No.1l......... 4.7 7.3 6.9 8.6 12.2 12.7 8.5 10.0
No. 12......... 7.0 8.8 14.7 4.8 9.5 7.7 8.1 10.7
No. 13......... 7.8 11.9 10.4 17.1 9.4 11.6 8.1 12.9
No. 14,0000 10 11,9 9.6 13.9 9.5 7.6 8.1 8.4
G,0bb Lo 7.2 10.4 10.3 11.3 9.5 9.0 8.7 9.1
X, e oL 93.3 66.3 94 .4 44 .4 66.3 33.6 69.1 39.6

X Cgmrt:}
UCL, lb.e ... 96.0 70.2 98.3 48.7 69.9 37.0 72.4 43.0
LCL,Ib.d ... 90.6 62.4 90.5 40.1 62.7 30.2 65.8 36.2

T %Izart:“
CL, Ih.e. .. 9.1 13.2 13.1 14.3 12.0 11.4 11.0 11.5
LCL, tb.e.. ... 5.3 7.6 7.5 8.3 7.0 6.6 6.4 fl) 7

ag =

ba

¢ Values {rom Table
_ ¢ For ;control chart:
X —25/V28.

¢ For ¢ control chart:
24/ 56.

= Square root of average of 14 individual o%s,
Upper control limit, UCL =

Upper control limit, UCL =

X + 25/¥28. Lower control limit, LCL =

& + 2&/\/.—5?5‘. Lower control limit, LCL = & —

TABLE VIL—OVER-ALL COMPARISON OF AMOUNT OF ABRASION AND REPRODUCI-
BILITY OF 14 WYZENBEEK TESTERS.

Residual Breaking Strength of 112 Specimens, lb.
Repro- Consist~
Laboratory Emery Abradant Aloxite Abradant ducilyaility, ellx]csif.
- ; . 75 a%? x*
X og? og* X o5t o
77.10 8.8 44.7 53.583 7.3 1.44 3.1
66.35 8.2 29.4 62.18 7.9 1.07 5.0
65.52 8.1 54.7 60.39 7.8 1.08 4.0
53.10 7.3 49 .4 45.62 6.8 1.16 5.2
01.48 9.6 50.5 41.78 6.5 2.19¢ 7.8b
51.60 7.2 49.0 52.73 7.3 0.98 1.4
77.80 8.8 48.0 64.81 8.1 1.10 3.7
46.53 6.8 36.3 48.01 6.9 0.97 2.1
69.40 8.3 62.8 T 88.23 9.4 0.79 3.6
62.83 " 7.9 38.9 84.92 9.2 0.74 5.2
. 68.13 8.3 66.5 85.39 9.2 0.80 1.4
. 102.85 10.1 42.8 57.04 7.6 1.80aq 9,8%
.6 66.28 8.1 32.4 83.23 9.1 0.80 12.2%
3. 60.69 7.8 | 36.2 72.05 8.5 0.84 4.5
Average. .. ... 80.7 8.3c| 45.8 T80 :

# Variability of apparatus and technique, after elimination of variability caused by material

differences among arms.

and

o Highly significant, indicating lack of reproducbility of results due to apparatus or technique.

b Highly significant lack of econsistency.
< & =

by standard deviations. Although the
precision of the average values from one
or two laboratories may have differed
significantly from the rest, none was
significantly less precise for more than
one material.

Since this experiment yielded sufficient
data from the four materials for the
individual arms, the analysis of variance
technique can be used to eliminate the
role played by the heterogeneity of arms
and differences among materials and so
obtain the intrinsic variability, o2, of
the results from each laboratory. This
intrinsic variability, listed by labora-
tories in Table VII, includes differences
within the fabrics (known to be rela-

ASTM BULLETIN

Square root of average of 14 individual v2s.

tively minor) and the variability of the
machines, exclusive of the effects of the
arms. The intrinsic variability is shown
to be the basic variability of the ma-
chines by the fact that approximately
the same average value is obtained for
all laboratories irrespective of abradant
used. Therefore, it would be expected
that within each laboratory, the ratio of
the intrinsic variability obtained with
emery abradant to that obtained with
Aloxite abradant equals approximately
unity. If this ratio is significantly
greater than one for a laboratory, the
reproducibility and consistency of its
instrument would be seriously ques-
tioned. Consequently, the reproduci-
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TABLE YITT - HON-HOMOGENEITY OF ARMS BASED UPON RESIDUAL BREAKING STRENGTH
| 1
HET POPLIN SATEEN | 2/ THILL AVERAGE OF ALL FABRICS RANKING
LABS | ABRADANT TRRH ARM ARM | ARM ARH OF ARMS
] 2 3 4 1 2 3 Y ] 2 3 4 ' 2 3 Y i 2 3 4
. 3 97.3  93.0  89.7 1.7 [ 99.6 7.0 3.9  97.6 | 74.4 67.7 62.3 63.1 | 70.6 63.3 58.9 065.4 | 85.5 80.2  75.2 79.5 | 3-42-1
A 62.7  63.7  50.9 - G40 | 57.%  53.3  48.7  62.6 | 3L.9 30.1 24.0 23.1 | 39.7 3.9 29.4 384 | 7.9 u5.5  38.3 47.1 | 3-244
E 8.7 82,9  75.1  88.6 | 92.6 83.1 7.6 913 | 57.9 5g&:4 556 617 | 57.9 60.3 52.3 63.7] 72.5 712  63.56 76.3 | 3-214
2 A Wi 53.3 38.6  53.% | 2.7 29.8 324 93,7 ] 13.0 18.8 I19.7 | 20,0 244 157 28.1 | 28.0 3.6 25.7 36.3 | 13-2
£ 92.4  92.0  9%.1 92.9 | 96.3 106.0 J05.7  99.6 | 63.1 67.9 65.1 64.0 | 72.7 69.7 709 74.3] 8.1 833  85.5 82.7 1423
3 A 75.4 3.3 816  77.0 | 60.9  59.0  59.1 - 58.0 | 37.3 40.1 33.9 38.7 | N0.3 W47 47.0 38.4) 53.5 66.8 654 530 | i3
3 98.4  97.6  95.3  95.7 1107.9 118.0 106.0 100.0 | 72.1 8.0 4.7 72.6 | 73.6 68.4 67.9 69.4 | 88.0 0.0  86.0 86.4 | 3ul-2
N A 7l 7.7 594 7.7 [ 49 6L.3 36,9 53.% | 4.9 476 31,9 42.0 | 36.3 34.0 42.6 38.0] 50.5 542 40,2 52.8 | 3-1u2
€ 96.3  89.1 946 910 | 83.4  79.%  90.t  87.4 | 53.4 ' 60.0 58.3 50.4 { 63.8 64.9 72.4 73.6| 74.2 73.%  78.9 77.9 | 214-3
5 A 83.3  82.1 853  86.7 | 36.0  37.3  46.0  51.3 | 254 24.9 33.6 30.7 | 43.7 43.0 53.3 uS.4 ] 7.0 46.8 S5  53.5 | 2143
£ 104.5  96.6  59.1  95.3 | 98.6  92.4  §7.4  79.0 | 69.7 59.3 70.3 57.1 | 78.0 73.3 65.9 50.% | 87.8  §0.%  80.7 72.7 | 4-23-l
& A 78.4 720 67.7  5M.3 | 60.6 59.6  45.9  36.0 | 43.7 37.1 30.3 9.0 | 55.3 463 38.7 39.3 | 59.5 537  u5.6 371 | 4-32-)
; £ 9.9 92.0  96.%  97.4 1108.3  107.0 10J.9 0Ll | 79.7 7.7 76.4 69.3 | 81.0 8.9 68.9 75.3 | 90.2 4.9  B85.9 85.8 | 243-)
A 70 584 60.1 66.% | 4LO  43.0 430 59.6 | U2.0 30.9 334 N2.0 | 42.9  42.9 38,6 52.1) 49.2 43.8 43,8 55.0 | 230-u
. E 85.1  80.9 840 8L3 | 723  77.7  97.7  75.0 | 39.9 40.9 501 WI.i | 67.7 69.0 66.1 59.7| 66.2 67.1 745 64.3 | wI2-3
A 517 W74 516 ML7 | 354 36.3 30.6  30.6 | 28.6 23.1 32.3 26.9 | 35.7 36.0 3$.8 32.3] 37.3 35.7  38.8 32.9 | 4-2)a
. £ 95.3  100.1  100.7  98.6 [102.7 M0%.7 106.0  89.7 | 76.4 7.6 84§ 0.7 | 7I.0  7H.6  72.% 78.7 | 86.5 91.7  90.8 87.2 | iy-32’
A 834 86.5 BRI 881 | W9 62.3  72.0 6.9 | 43.6 67.0 6.1 55,9 | 50.6 SO.¢ 47.1 464 | 55.6 66.6  66.1 62.8 | 1-432
" £ 80.4  92.7  87.3  &7.1 [ 749  92.9 854 827 | 56.9 68.4 56.3 53.7 | 56.9 66.1 62.1 60.3| 67.2 80.0 72.8 71.0 | 1-u3-2
A 45.6  79.7  58.7  S4.0 | 28.0  53.%  28.7  35.7 | 20.1 29.9 17.3 19,4 | 28.7 43.% 45.9 233.1 | 30.6 51.6  37.6 35.6 | 1-43-2
| :
" 3 1046 10Y.2  Jou.7  103.9 H12.3 116.6  JI6.1  109.9 | 84.6 81.0 5.1 86.6 | 82.3 £3.7 3.6 80.4 ] 959 954 1014 95.2 | 4i2-3
A 83.6  B5.  84.1 5.3 | 7L7 77.7 749 63.3 | 58.7 S4.7 594 62.6 | 55.9 60.3 47.9 48.7 | 67.5 69.5  66.6 62.5 | 4132
" £ 96.9  B8.4 %A1 93.1 | 847 840  86.9  9L.7 | 6.9 584 67.1 614 | 65.7 57.4 68.6 67.7 ) 77.3 72.1  80.2 78.5 | 2-i43
A 75.4  67.3  80.0  65.6 | 30.7  28.1  33.7  33.9 | 33.4 23.3 25.3 30.7 | 36.6 35.4 3.4 40.9] 44.0 28.5 5.6 3.0 | 2-413
1 E 8.1 90.1  S4.7  ---- | 95.1  80.%  95.9 58.0 S4.%  64.6  —--- | 67.7 674  69.1 e-m | 76.2  75.6  BI.1 --ee | 21-3
A Wb 9N 604 emee 1 6.7 2.7 WL weem | 8.9 207 28.3  —-== | 32.1 26.6 51.0 ceme | 245 27.6 45,2  --om 1243
" £ g4.3  95.4 984 98.7 | 9.6  85.0  91.6 H04.4 | 69.6 65.3 74.6 5.9 | 70.0 73.9 67.4 744 8L.%  79.9  83.0 88.4 | 321-4
A 42.3 45,6 6.6 617 | 26.3 20,3  30.3 37.7 | 30.4 22,1 30.7 38.6 | 30.0 233 35.t 304 32.2 281 40.2 wh3 | 213y

*THREE-ARM MODEL

bility of the results from laboratories
Nos. 5 and 12 would be doubtful, their
values for the ratio being 2.19 and 1.80,
respectively, instead of being approxi-
mately 1.0.

The internal consistency can be
checked by using the chi-square tech-
nique, which evaluates the discrepancy
between the values theoretically ob-
tained on the basis of the assumption
and the actual values. In this case, the
chi-square analysis was used to ascer-
tain significance of the difference be-
tween the actual and the theoretical
ratios of the average residual breaking
strengths of the four fabries using each
abrasive. The theoretical ratios were
computed on the assumption that the
residual breaking strength of each of the
materials abraded in a laboratory should
form a constant ratio regardless of the
abradant in order that the results of a
laboratory be considered consistent.

The lack of reproducibility of lab-
oratories 5 and 12 conclusion is substan-
tiated by their lack of consistency, for
their values of x*are 7.8 and 9.8, respec-
tively. The high value of x? for lab-
oratory No. 13 is a result of a sharp
reversal of the data when emery and
Aloxite were used.

Contributory Causes of Variability:

Hitherto the discussion of results has
not considered possible causes of the
heterogeneity of the arms, but a study of
the Wyzenbeek tester would not be com-
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plete without an analysis of this factor.
The data of Table VIII, which are the
average breaking strengths of the speci-
mens inserted into each arm of each
instrument, show the arms which yield
results significantly different from their
mates. As the rubber pads used in the
Wyzenbeek apparatus may differ con-
siderably in physical characteristics, and
thus in their abrading efficiency, employ-
ment of homogeneous pads would result
in greater reliability. Further, by
bringing the differing arm into line with
the others, much closer control limits
would be obtained. In a separate ex-
periment, interchanging the pads among

the arms of a single instrument resulted
in a reranking of the arms. Thus, dif-
ferences in the rubber abrading pads are
an important factor contributing to the
differences among instruments, but it is
not the only machine factor.

This study indicates that the use of
No. 0 emery abradant yields results hav-
ing 50 per cent less variability than does
the use of No. 320 Aloxite abrasive. As
previously mentioned, an excellent con-
sistency exists in the individual evalua-
tion of all the fabrics tested by each
laboratory when emery is employed.
The consistency is much less apparent
when Aloxite is used.

tb.

s

ok

RESIDUAL BREAKING STRENGTH
Pt

69

L) 50
ALOXITE

) 70

RESIDUAL BREAKING STRENGTH, fb.

Fig. 6.—Consistency of Individual Wyzenbeek Machines.
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A comparison of the two types of end
points is made possible by the two inter-
laboratory tests since herringbone twill
fabric was used in each. In the first
test a subjective end point was studied,
namely, the number of e¢ycles of abrasion
required to produce a déscribed change
in appearance. In the second test the

2. It cannot be employed in estab-
lishing a general standard.
3. Increase in precision may be
achieved by
(a) using an objective end point
whenever feasible;
(b) employing a mild uniform abra-
_dant; -

TABLE IX.—VARIABILITIES OF THE TWO TYPES OF END POINTS USING EMERY
ABRADANT AND HERRINGBONE TWILL FABRIC.

Subjective End Point

Objective End Point, )
Loss in Breaking Strength, per cent st Rupture Threadbare
w o w F
Per cent Deviation from Mean:
AVEIAZE. .o iee v e ie e ennrennn 7 68 64 56 59
RANEE. oo\ o vevveenvnanirenann 50.6 261 295 175 210

Coefficient of Variation, V... .......
Ratio of Vaub/Vobjeveeroviiiannen

30.2 104 109 78 87

3.5 3.6 2.6 2.9

end point was objective, for the loss in
breaking strength after an arbitrary
number of cycles of abrasion was noted.
Comparative values of the coefficients of
variation among laboratories for the two
end points are shown in Table IX.

From this table, it will be seen that
the coefficients of the subjective end
points are approximately thrice that of
the objective end point.

CONCLUSIONS

On the basis of the results reported in
this paper, the following conclusions
may be stated:

1. In its present state, the Wyzen-
beek Precision Wear Test Meter can be
used:

(@) In evaluating differences among
materials by a given labora-
tory;

() For interlaboratory checks by
cooperating laboratories  if
their instruments are prede-
termined to be sufficiently
similar in abrasive action and
reproducibility.

(¢) utilizing control chart techniques
to ensure consistency among
arms and tests.
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